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1. INTRODUCTION

The Vortex Information Display System (VIDS) provides flexible control
‘through system-user interaction for collecting wing-tip-trailing vortex data,
processing this data in real time, displaying the processed data, storing raw
data on magnetic tape, and post processing raw data. The data is received from
two asynchronous Laser Doppler Velocimeters (LDV's} and includes position,
veloeity, and intensity information. The raw data is written onto magnetic tape
‘for permanent storage and is also processed in real time to locate vortices and
plot their positions as a function of time.

The interactive capability enables the user to make real time adjustments
in processing data and thereby provides a better definition of vortex behavior.
Displaying the vortex information in real time produces a feedback capability to
the LDV system operator allowing adjustments to be made in the collection of
raw data. Therefore, both raw data and processing can be continually upgraded
during flyby testing to improve vortex behavior studies. The post-analysis capa-
bility permits the analyst to perform in-depth studies of test data and modify
vortex behavior models to improve transport predictions..

VIDS is.composed of both PDP-11 support software and M&S Computing
application software running under control of the PDP-11 operating system.

i.1 PbP-ll Support Software

The PDP-11 support software includes system programs and utilities
designed by Digital Equipment Corporation (DEC) to support the PDP-11 user
during execution of application programs. Specifically, the PDP-11 software
components are:

o Disk Operating System (DOS)
o Verification Program (VERIFY)

Sections 2 and 4 of the Vortex Information Display System User's Manual
discuss these PDP-11 components in detail.

1.2 M&S Computing Application Software

_ The M&S Computing application software is composed of routines that control
program flow and that collect, store, process, and display data. These routines
are grouped as follows:

o Data Acquisition routines which input and cutput raw data.

o FORTRAN routines which initialize variables, locate vortex
centers, and provide interfaces between the assembly language
1/O routines, the vortex locatmn routines, and the display
" controller. :
-1-



1.3 M&S Computing Support Software

The M&S Computing support software is composed of the display librarian
which creates predefined displays in a library to be used and displayed by the
application software.

1.4 Hardware Configuration

The hardware configuration (see Figure i-1) required by VIDS is;:

o]

o)

Digital Computer, PDP-11 series model 35 with 32K memory
and 16 bit words - DEC.

Magnetic Disk Unit, RK05 - DEC.
Magnetic Tape Unit, TU10 - DEC.

Graphics Display Terminal, 4014 series terminal and
613 monitor - Tekironix, Inc.

Hard Copy Device, 4610 series - Tektronix, Inc.

Graphics Data Tablet, HW-1-11, Summagraphics.

Operation of VIDS hardware is discussed in Section 2, Vortex Information
Display System User's Manual. ‘
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2. DATA ACQUISITION

The Data Acquisition portion of the Banning Vortex software system is
written in assembly language to handle interrupts as quickly as possible. It is
divided into three major portions:

1. ATVWS - initialization.

2. - READ. - acquire the data from the LLDV's and write
the data on the disk,

3. FIL.L - read the data from the disk and format it

as required by the data processing functions,

Figure 2-1 depicts the overall data flow for the Data Acquisition function
and illustrates the role of each software portion. Each of the three Data Acquisi-
tion portions will be described in this section, and the section will be organized
as follows: '

o‘ Overview of function
o Interaction with other functions
o Critical parameters
o Pa_fameters which define function capability
o Module:descriptions, which will include:
- Purpose of module
- Calling sequence
- lOther moduleé required
- Critical parameters

Listings of the Data Acquisition software are contained in the Appendices.

1f any of the specific items are not required for a particular portion of
module description, then that heading and item will be omitted.

2.1 ATVWS Overview

This function is responsible for initialization of the hardware and software
components which make up the Data Acquisition portion of the Banning Vortex
system.

PRECEDING PAGE BLANK NOT FILMED
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In particular, imodules within this function perform the following:

o) Initialize the hardware interfaces (DR~11's),

o Start flyby or test.

o Stop flyby or test,

o Sta;rt data collection,

o} Stop data collection.

0 Read plane type,

o Initialize pointers and flags required by the softwarer
modules,

2.1.1 Interaction

This function interacts with the other two functions (READ and FILL)

o ATV WS initializes flags and indicators for those functions,

Q ATVWS contains the central logic to display-all error
messages which describe error conditions detected by any
of the three Data Acquisition functions.

2.1.2 Critical Parameters

_ ATVWS relies on the flag IFLD which is commeon to Data Acquisition
and Data Processing functions, and which indicates the LLDV's required for any
particular test. This flag controls routine INIT and must be set prior to entry,
as follows:

IFLD = 0, both LDV's
IFLD = 1, LDV 2 only
IFLD = 2, LDV 1 only

2.1.3 Design Parameters

Additional error messages may easily be added simply by entering the
address of the message in the list MSGAD., A particular message is displayed t
executing a Jump (JMP) instruction to location HALT (which is GLOBAL) with
the appropriate message index in RO, (Each index is a multiple of 2 which
provides for word indexing. }



2,1.4 Module Descriptions

Module ATVWS

Purpose

The ATVWS module (Figure 2-2) initializes the interrupt vectors for the
three DR-11's. It algo initializes the disk file LDVS which is allocated to store

the accumulated data. ATVWS is called by the Display Controller at the start
of the system execution.

Calling Sequence

JSR R5, ATVWS
(cannot be called via FORTRAN routine)
Modules Required

LKTRAN

INITDS

DISPIO

Module INIT

Purpose

The INIT module (Figure 2-3) initializes all software pointers and flags
and enables the DR-11 interrupts. The latter permits detection of the request A
and request B interrupts.
Calling Sequence

JSR R5, INIT
or CALL INIT
Modules Required

INITBF
Critical Parameters

IFLDV is a control indicator which must be set prior to INIT call:

IFLD = 0, both LDV's

-8-
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IFLD

1, LDV 2 only

I

IFLD 2, LDV 1 only

IFLD is the first word in common IFLDV,

Module DISABYL,

Purpose

The DISABL module {(Figure 2-4) disarms the hardware interrupts for
the two DR-11's. A software flag FIN (normally zero) is set to a positive one
to denote end of test.
Calling Sequence

JSR R5, DISABL

or CALL DISABL

Module DISAB]

Purpose

The DISAB1 module (Figure 2-5) disarms the two interrupts for the
DR-11 used to input the Start-of- Flyby signal and the plane type.

Calling Sequence
JSR R5, DISABI1
or CALL DISABI

Module INTCA

Purpose
The INTCA module (Figure 2-6) responds to the interrupt generated by
the DR-11 that specifies the Start-of- Flyby and plane identification. A Start-of-

Flyby signal ends any current test and initializes the hardware and software
in preparation for the start of another flyby.

Modules Required

DISABL -

-11-
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Module INITREF

Purpose

The INITBF module (Figure 2-7) initializes all the data input buffers and
assigns a buffer to each of the LDV's. This module also initializes all software
pointers and flags.

Calling Sequence
JSR PC,INITBF
(Module cannct be called via FORTRAN routine}.

Medule HALT

Purpose
The purpose of the HALT module (Figure 2-8) is to stop or abort the
current flyby, to display an appropriate message on the CRT, and to initialize

the system for further test or flybys. This module is not a subroutine; it is
the central error handling function.

Calling Sequence
MOV ERR,RO0 (set error message index {see Section 2. 1. 3)}.
IMP | -HALT (jump to error routine).

where;

ERR is a unique error number. Error numbers 2-8 are currently used
and are assigned such that RO may be used as a word index. That is, RO
contains an integer which is a multiple of 2.

Modules Required
DISPIO

2.2 READ Qverview

This function is responsible for acquiring the data for the Banning Vortex
‘software system. ‘

Modules within this function respond to the DR-11 interrupts, input the

~ data words in response to the interrupts, accumulate the data in memory buffers,
and write the data on the disk as the memory buffers are filled.

-13-
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2.2.1 Interaction

This function interacts with ATVWS in that ATVWS initializes READ
pointers and flags and enables the DR-11 interrupts which cause READ
function responses. READ interacts with FILL in that FILL functions process
data on the disk written by the READ functions. READ functions also maintain
a count for the FILL functions to enable them to track the progress of each LDV

- 2,2.2 Critical Parameters

Modules within the READ function manage a pool of data input buffers.
These buffers each contain 256 words, which is the physical size of a disk
sector. Figure 2-9 illustrates the format of these data buffers., As can be
seen by this figure, each buffer contains 248 data words and 8 control words.
The number of buffers assigned to this buffer pool is critical to the system,
Enough buffers to support input functions are required when the rate of input
is at a maximum for both LDV's. This rate of input must be sustained during
those periods (such as data being FILILed) when data cannot be written on the
disk.

2.2.3 Design Parameters
Additional buffers may be added to the system; modules within READ
are designed to manage any number, Location BUF contains the current
number of buffers and must be changed as buffers are added or removed from
the system.
Each buffer consists of two Reserve Block Word operators (, BLKW):
. BLKW S1ZB
+ BLKW : SIZD
SIZB (number of control words) has been equated to 8; SIZD (number of data
words) to 248. Changing either or both of these parameters will in turn change

all data buffers.

2.2.,4 Module Descriptions

Module INTAA
Purpose

The INTAA module (Figures 2-10 through 2-12) responds to the request A
(end of frame (EOF)) interrupt for DR-11 A (LDV 1), Upon entry, this module
inputs four data words (to clear the interrupt signal) and discards the data. If the
interrupt is the first EOF for the flyby, the request B interrupt (data input) is
enabled, Otherwise, the current buffer is marked to denote an EQF has occurred,

-15-
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a new buffer is assigned to the LDV, and the full buffer is written on disk, if the disk
write services are available. If the write services are not available, then the
buffer is marked for a ""write ready, !' and the interrupt module is exited. The
buffer will be written at the next available time.
Modules Required

SAW

WRITE

Module INTAB

Purpose

The INTAB module (Figures 2-10 through 2-12) performs the same
function as INTAA (see X. 5.1 above) except INTAB provides support for DR-11 B.
Certain functions (see flowchart) are common to both INTAA and INTAB.
Modules Required

SAW

WRITE

Mcodule INTBA

Purpose

The INTBA module (Figures 2-12 and 2-13) inputs the application data
via DR~11 A (LDV 1). This module responds to the request B interrupt, brings
in the 4 data words, sets the time and increments the word count. If the data
buffer is full, the buffer is marked "write read, " a new buffer is assigned to the
LDV, and the full buffer is written on disk, if the disk services are available., If
the disk services are not available, the buffer is written at the next available time.
If the buffer is not full, this module is exited after bringing in the data, This
module provides code that is common to INTAA, INTAB, and INTBA,

Modules Required
SAW
WRITE

Module INTBB

Purpose

The INTBB module (Figures 2-12 and 2-13) performs the same function as
INTBA except INTBB provides support for DR-11 B (LDV 2). Certain functions are

-19-
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- common {see flowchart) and the code is therefore shared,
Modules Required

SAW

WRITE

Module INTAW

Purpose

The INTAW module (Figure 2-14) responds to the request B interrupt for
DR-~11 A (LDV 1), This module processes the data prior to receiving the start
of flyby (interrupt request A or EOF). The data is read in and discarded,

Module INTBW

Purpose
The INTBW module (Figure 2-15) responds to the request B interrupt for

DR-11 A (LDV 2). This module processes the data prior to receiving the start of
flyby interrupt., The data is read in and discarded.

Module CALBLEK

Purpose
The CALBLK module (Figure 2-16) calculates the sector address for each
buffer for both LDV's. A current sector address is maintained for LDV 1 and LDV 2,

where LDV 1 buffers are written on even sectors and LDV 2 buffers are written
on cdd sectors. :

Calling Sequence

JSR PC, CALBLK
(cannot be called by FORTRAN foutine).
Upon return, the sector number is in R4,

Module SAW

Purpose
The SAW module (Figure 2-17) manages the buffer switching function,

When called, this module assigns a new buffer to the LDV and processes the
control word for the full buffer, as follows:

21
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o Sets store address and start address for new buffer,
The store address is used to place data into the buffer; the
start address is used to store buffer control information.

o) Sets new buffer busy (see Figure 2-9).

o Calls CALBLXK to obtain sector address and places the
address in the old buffer control word.,

o Sets header and frame number in the old buffer control words.
Note that the frame number is positive for LDV 1 and negative
for LDV 2.

o Sets the write ready status (see Figure 2-9) for the old buffer.

Calling Seciuence
JSR PC, 5AW

(cannot be called via FORTRAN routine).

1]

Upon entry: R2 0, for LDV 1

R2

2, for LDV 2
Modules Required

CALBLK

HALT
Critical Parameters

This module executes on lével 7.

Module WRITE

Purpose

The WRITE module (Figure 2-18) performs all functions required to write
the data buffers on the disk,

~ Upon éntry, the module searches the buffer pool to find the buffers waiting
("write ready") to be writtenonthedisk. From the buffers ready, this module
finds the next logical buffer., The next logical buffer must:

o Be in same sequence as the last buffer written. That is, if
the last buffer written wasg for LDV I (even sector number), then
all LDV 1 ready buffers will be written before any LDV 2 buffers
{odd sector number), Likewise, if the last sector written was
~-Z24-
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for LDV 2, then all odd sectors will be written before any even
sectors,

o Be in sequence for either even or odd sector numbers. Sectors
are written in the order specified by their sector numbers, which
progress in increments of 2; i.e., 0, 2, 4, ... for LDV 1 or I,

3, 5, ... for LDV 2, This method of selection is designed to
minimize the disk access times since once the requests are

synchronized (after the first sector is written), all other sectors
can be written within two sector tunes, or approximately 6
milliseconds.

After a buffer is written on the disk, its control word is examined to
determine if an EOF occurred for the buffer. If an EOF occurred, the number
of frames written on the disk is incremented. The buffer is marked as "free'
and returned to the buffer pool after it is written on the disk,

Calling Sequence
JSR PC,WRITE

(cannot be called via FORTRAN routine},

Upon entry: R2Z2 0, for LDV 1

R2

Z, for LDV 2
Modules Required

WAITR

LKTRAN

HALT
Critical Parameters

This module must be serially executed; it is not reentrant. To insure
this, the module is protected by a flag (LOCK) which is set upon entry and reset
upon exit, In addition, this module may not be executed while a read disk opera-
tion is in progress. BUSY is set by the read disk function and is reset when the

read completes. This module is not executed if BUSY is set.

2.3 FILL Overview

This function is responsible for reading the data from disk and placing
the data in the process buffer in the specified format, Figure 2-19 provides a
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pictorial description ot this process., I'rom this figure it can be seen that:

o data is brought from disk in data buffers which are one sector
in length; and

o the data read from disk is stripped and placed in the process
buffer in such a manner that like data is contiguous.

One fill request results in either:

o all data for one frame being placed in the process buffer,
o a maximum of 992 data points being placed in the buffer, or
o . no data being placed in the process buffer because an abort

was detected..
2.3.1 Interaction

This function interacts with READ in that a count is maintained for frames
written on the disk for each LDV. Basically, READ increments the count as
data is written and FILL decrements the count as data is read.

2.3.2 Critical Parameters

This function is given priority over the disk write functions. BUSY
is a flag (set = -1) which inhibits the write process. That is, a disk write
function will not be processed if a read is in progress. This enables a FILL
iteration to be processed with a minimum of disk accesses,

2.3.3 Module Descriptions

Mopdule FILL

Purpose

The FILL module (Figures 2-20 through 2-23) provides the FORTRAN data
processing functions with test data read from disk. The data is read from disk and
placed in the process buffer in the format required by the calling functions.

Data read in from disk is double-buffered such that one buffer is being
processed while the other buffer is being filled by the disk, This technique
enables both the data read and process functions to be accomplished in essentially
the time required for the disk read.

Calling Sequence

JSR R5, FILL

or CALL FILL
-28a
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Modules Required
READ
MAXYV
STORE
TIFR
Critical Parameters
First word of common IFLDV denot‘es the test configuration as follows:

IFLD = ¢, both LDV

IFLD 1, LDV 2 only

il

IFLD 2, LDV 1 only
First word in common ABTERM is used to signal a test abort;
ABTERM = 33 or 42, test is aborted

Common IHDLI is used to pass the following information:

Word 1 (MAX1)

Integer which denotes the first maximum velocity
point found in data.

Word 2 (MAXZ) Integer which denotes the second maximum velocity
point found in the data.

]

Word 3 (IEOFT)

1L

0, data processed normally
-1, data of frame exceeds 992 points
+1, end of flyby occurred

Common LDVDAT is used to pass the following information:
Word 1 (IFLY) = Used by FORTRAN routines.

Word 2 (IFRM) = Data frame number, where a positive frame denotes
LDV1; negative, LDV 2,

Word 3 (TMINT) = Integer value of high-order time for first data

word of FILL iteration. Note that each count equals
1/60 second,
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Word 4 (TMINT+2) = Integer value of low-order time for first data
word of FILL iteration,.

Word 5 (TMEND) = Integer value of high-order time for last data word.
Word 6 (TMEND+2) = Integer value of low-order time for last data word

Word 7 (IDAY) Used by FORTRAN routines.

1]

Word 8 (IPLN)

1

Used by FORTRAN routines.,

Word 9 (NUMPTS) = Integer which denotes number of data points placed
in the process buffer,

Module READ

Purpose
The READ module (Figure 2-24) reads in a sector of data from the disk,

For a particular FILL iteration, all reads will be performed for a particular
LDV, Thatis, either even or odd sectors will be read.

Calling Sequence
JSR PC,READ

(cannot be called via a FORTRAN routine).

Upon entry: RO 0, buffer 1 read

RO 2, buffer 2 read

H

Modules Required
LKTRAN

Moadule STORE

Purpose

The STORE module (Figure 2-25) extracts four data words from the input
buffer and places them in the process buffer in the required format.

Calling Sequence
JSR PC,STORE

(cannot be called via FORTRAN routine).
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Upon entry: R2 = address of first of the four words to be moved

R4 = address of process buffer which will receive words
Upon exit: R2 = address of next four words
R4 = unchanged

Module MAXYV

Purpose

The MAXV module {Figure 2-26) searches for the two maximum velocities
of the FILL iteration. An integer (1-992) is set for each of the maximums to denote
the data point numbers for the process buffer of the current FILL iteration,
Calling Sequence

JSR PC,MAXV

(cannot be called via FORTRAN routine).

1

Upon entry: R4 address of current velocity in process buffer

Rl = current data point number
Upon exit: R4 = unchanged
R1 = unchanged

Module TIFR

Purpose

The TIFR module (Figﬁre 2-27) sets the. last time and the frame number in
the designated COMMON (see module FILL).

Calling Sequence
JSR PC, TIFR
(cannot be called via FORTRAN routine),

current buffer address

Ll

Upoﬁ entry: R2

Upon exit: R2 unchanged
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3. FORTRAN ROUTINES

This section describes the routines which initialize variables, locate
vortex centers, and provide interfaces between the data acquisition routines,
the vortex location routines, and the display controller. These routines are
written in FORTRAN to facilitate program modification as more knowledge
about vortex behavior and detection is gained.

3.1  Start Flyby
Name
STRT
Calling quuence
CALL STRT (N)
Where N is a six element array with the elements containing the following: .

o N(1) contains the number of the display that was on
the screen when STRT was called, :

o} N(2) contains the option number which was selected from
the display. '

o N(3) contains the number of bytes in a compose field.,
0 N(4) contains a flag that indicates type of input field.
o N(S} and N{6) contain data from the input field,

Description of Function

Subroutine STRT (Figures 3-1 through 3-12) provides the interface
between the assembly language I/O routines, the vortex location algorithm,
and the display controller. The routine initializes the output data tape, directs
the placement of the chosen ocuput display backgrounds on the terminal screens,
directs the filling of data buffers from either real time LDV input or from
tape, directs output of real time data to tape, and calls the vortex location
algorithm, STRT also handles flyby termination as directed by LDV input
signals, end of files on input data tapes, or operator keyboard input signals
~and cycles the program to the appropriate starting point for the next data input.

External References

DISPIO, RTV, OPEN, SFUN, INIT1, SETAD, DFLT, SCAT, PTYP,
DISAB1, DISABL, FILL, PUT, VREAD, CENTRD, and WAIT.
-39- '
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3.2 Device Selection

Name
DSEL
Calling Sequence
CALIL DSEL (N)
Where N is an eight element array with the elements containing the following:

o N(1) contains the number of the display that was on the screen
when DSEL was called.

o N(2) contains the option number which was selected from
the display.

o] N(3) contains the number of bytes in a compose field.
o} N{4) contains a flag indicating the type of input field.
o N(5) through N(8) contain input field values.

Description of Function

Subroutine DSEL (Figures 3-13 and 3-14) determines which input
and output devices were selected by the operator and sets flags to indicate
the chosen devices. The routine also is used to place compose field input
for flyby number and day in header buffers for displays. In post-analysis,
the routine searches the data tape for flyby numbers or day numbers that
match the input number,

External References
SFUN, DISPIO, PTYP, and VREAD,

3.3 Get Addresses for Qutput

Name
ONCE
Calling Sequence

CALL ONCE
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Description of Function

Subroutine ONCE (Figure 3-15) is entered only when the program is
loaded. It calls the display controller to establish high-speed output in large
characters and calls SETAD to get the addresses of the variables which follow:

o Blank,

o XYSYM odd elements which contain the letters of the alphabet.
o : LPL'Il‘SI which contains an *,

o PLTS3 which contains an o,

o IDATA which is an output buffer arlfa{v.

o IL1which is the buffer that contains dit positions for write-

through lines showing default values for system parameters.

e I1.2 which is the buffer that contains dit positions for write-
through lines showing default values for aircraft dependent
parameters,

o DATE which contains flyby date.

.o IFLE which contains flyby number.
It also converts the default correlation radius from feet to counts.
External References

DISPIO and SETAD,

3.4 System Initialization

Name

RTV
Calling Sequeﬂce
CALL RTV (N)
Where N is a six element array with the elements containing the following:

o N(1) contains the number of the display that was on the
screen when RTV was called, '
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0 N(2) contains the number of the option which was selected
from the display.

o N({3) conté,ins the number of bytes in a compose field,

0 N(4) contains a flag which indicates the type of input
field,

o N(5) and N(6) contain data from the input field.

On any given call, all of the elements of N may not be defined,

Description of Function

During Post-Analysis, RTV (Figure 3-16) enables the interface to
magnetic tape unit 1 and reads the first data record for each flyby. ' During
both post-analysis and real-time operation, the routine sets the coordinates
and calls the display controller to draw write-through lines indicating chosen
systemn parameters, It also places the day and flyby number on the system
parameters displays. :

External References
DISPIO, OPEN, SFUN, VREAD, and PTYP,

3.5 Update System Parameters

DFLT
Calling Sequence
- CALL DFLT (N)
Wheré N is an eight element array containing the following:

o N(1) contains the number of the display that was on the
screen when DFLT was called.

o N(2) contains the option number that was selected from
the display.

o N{3) contains the number of bytes in a compose field.
o N(4) contains a flag indicating the fy‘pe of input field.
o N(5) through N(8) contain input field values.
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Pescription of Function

Subroutine DFLT. (Figure 3-17) changes the aircraft dependent parameters
from a default value to a value input through the keyboard and if the update default .
option was selected, it updates the default value for the particular aircraft
to the input value. The routine also sets the buffer containing the heading that
displays aircraft dependent parameters. |

External References
None.

3.6 Raw Data Dump

Name

DBUG
Calling Sequence

CALL DBUG
Description of Function

Subroutine DBUG (Figure 3-18) gives a dump of the raw data in
counts that is received from the LDV's., The data includes the horizontal
and vertical coordinates of a point, the number of filters, the intensity, the
peak velocity, and the velocity at maximum intensity, '
External References

SSWTCH, DISPIC, and SUBBIT.

3.7 Read Data From Tape

Name

VREAD
Calling Sequence

CALL VREAD
Description of Function

Subroutine VREAD (Figure 3$i9) obtains raw position, velocity, and
intensity data from tape for post processing and prepares the data for’ processing,
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External References
GET, WAIT, SFUN, DISPIO, and DECD.

3.8 Encode Integers

Name
DECD
Calling Sequence

CALL DECD (KK, KKK, KP)

Where:
o KK is the number to be encoded.
o KKK is the number of bytes output.
! KP is the address that contains the encoded‘nuxnber.

Description of Function

Subroutine DECD (Figure 3-20) encodes an integer number. The
alphanumeric results are stored left-justified. The maximum number of
bytes output is five. If the encoded number is greater than five bytes, only
the right most bytes are output. Signs are also output and count as one of
the five bytes,

External References
None.

3.9 Get Address

Name

SETAD
Calling Sequence

CALL SETAD (I, V)
Where:

o 1 is the return variable containing the address of V,
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Vis an integer or real variable but must begin on an odd

word variable,

Description of Function

SETAD (Figure 3-21) gets the address of a variable.

External References

None,

3.10 Set Plane Type

Name

PTYP

Calling Sequence

CALL PTYP (N)

Where N is a six element array defined as follows:

[}

o]

o]

N(1) containg the number of the display that was on the screen
when PTYP was called, :

N(2) contains the option number that was selected from the
display.

IN(3) contains the number of bytes in a compose field.

N(4) indicates the type of input_fieid.

N(5) and N(6) are input field values,

Description of Function

PTYP (Figure 3-22) determines the name of the aircraft from input
data, sets the default values for aircraft dependent parameters, brings up
the appropriate aircraft dependent parameters display and fills in the day,
flyby number, aircraft type, and default values on this display. In post-
analysis, PTYP can also search the data tape to find a desired plane type.

External References

PISPIO, TIME, VREAD, and SFUN,
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3,11 Calculate Velocity

Name

GETVEL
Calling Sequence

CALL GETVEL (IV, VEL)
Where:

o IV is an integer word that contains the peak velocity in bits 8-14
and the maximum velocity in bits 0-6 in counts.

o VEL is a real variable that contains the peak velocity in feet/
second. )

Description of Function

Subroutine GETVEL (Figure 3-23) extracts the peak velocity in counts
from an integer word that contains both the peak velocity and the maximum
velocity for a data point. It then converts the integer velocity in counts to a
floating point velocity in feet/second according to Table 3-1.
External References

SUBBIT and FLOAT,

3.12 Find Vortex Center

Name

CENTRD
Calling Sequence

CALL CENTRD
Description of Function

CENTRD (Figure 3-24) processes raw data in an attempt to locate
vortex centers. The data is checked to see if it possesses the minimum num-
ber of points that are required to define a vortex. The minimum number of
points to locate a vortex center is never less than two and will be two for the
first vortex of a data frame. For the second vortex the minimum is defined
as C% of the number of points contained in the first vortex center. If there
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COUNT TO VELOCITY CONVERSION

VELOCITY IN FEET PER SECOND

COUNT
< 69 1. 8 * count
70 < 75 1.8 * 69 + (count-69) * 3,6
> 175 1.8 %69+ 6 % 3,6 + (count-75}) * 7.2

Table 3-1
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are insufficient points, the description parameters that are used in tabular
data output for the vortices are set to indicate that no vortex center was found,
The assigned values are:

o NCORPT(l)= NUMPTS

o NCORPT(2)= 0

o PKVEL(l) = maximum peak velocity

o NOISE(}) = 0

o The remaining descriptive parameters are not set but '

will be set equal to a blank in subroutine DISPLA.,

If there are sufficient points, the point with the maximum peak velocity
is found, and its velocity checked to see that it has a minimum value of D%
of the maximum peak velocity of the last vortex center found (it is assumed
that for the first frame that the previous velocity was zero). If the velocity
is less than the minimum, the descriptive parameters are again set as
shown above to indicate that no vortex center was found.

If the maximum peak velocity equalsor exceeds the minimum, the
points in a correlation region defined as all points within a radius R of the
point with maximum velocity are located. If there are a sufficient number of
points to define a vortex and if B% of the points have a minimum velocity
defined as A% of the maximum, then a vortex center is determined using the
following equation:(see Table 3-2): '

Ii . V];’:‘eal.ci .

k

2 I . Vpeak, . Y,
i=1 : s . : '

k

b3

Xi and Y = i

‘MR M

I, . Vpe;a,k.1 : Ii. . Vpea,ki

[
1
[y

e
1

If the above criterion is not met, the point is rejected as a noise spike,
the noise spike count is increased by one, and if the noise spike limit has
not been:exceeded, the process is repeated beginning with a search for the
point possessing the maximum peak velocity. If the noise spike limit is
exceeded, the descriptive parameters are set as shown above to indicate that
no vortex center was located except NOISE(1) will be equal to the number of
noise spikes and NCORPT(1) will be equal to the number of points in the
correlation region. Then subroutine DISPLA will be called,

When the first vortex center is found, time is calculated, NOISES(1)
is set equal to the noise spikes, NCORFPT(1) is set equal to KOUNT, PKVEL(1)
is set equal to the maximum peak velocity in the vortex center, all of the
points used in determining the location of this vortex center are rejected, and
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DEFINITION OF TERMS

SYMBOL = MNEMONIC

Input from LDV's

I INTENS

(bits 7-14)
Vpeak IVEL (bits 8-14)
X IX
Y 8¢
N NUMPTS

Variable Input

A _ ' VELTOL
B . PTTOL
c - VORTOL
D. . FRVTOL
R - IRADI
NS - NOISE

DEFINITION

intensity

peak velocity

horizontal coordinate of point
wrt LDV -

vertical coordinate of point
wrt LDV

number of data points

A defines the minimum peak velocity

that B% of the points in a correlation
region must possess by requiring themn

to have A% of the maximum peak velocity.

B defines the percent of points in a
correlation region that must possess
a minimum velocity defined as A% the
maximum peak velocity.

Defines the minimum number of points
needed to locate a second vortex center
in a frame of data since this number is
C% of the number of points which defined
the first vortex center,

The maximum peak velocity for the first
vortex center defined in a data frame
must be D% of the peak velocity from
the last defined vortex center,

Radius of correlation volume

The maximum peak velocity for the
definition of the second vortex must
be separated from the maximum peak
velocity of the first vortex by N5 * R.

Table 3-2
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DEFINITION OF TERMS
(continued)

SYMBOL MNEMONIC DEFINITION UNITS

Variables Calculated in CENTRD

K KOUNT Number of points in a correlation None
region.

Descriptive Parameters Determined in CENTRD

X XCG A two element array containing the feet
horizontal distances between the
vortex centers and the LLDV.

Y YCG A two element array containing the feet
vertical distances between the vortex
centers and the LDV

n NCORFPT A two element array containj_ng the None
number of points in the correlation

regions of the vortices.

{(Vpeak)max PKVEL ' A two element array éontaining the ft/sec

maximum peak velocity for each
vortex.
Smin ELANGI1 Minimum angle at which data point deg.

was found.

©max : ELANG2 . Maximum angle at which a data point deg.
, was found. '
NVORTX NVORTX Number of vortices found in a frame None
of data.
t RTIME Time at which the vortex center was sec,

detected relative to time at which the
first data point was detected.

NOISE NOISES A two element array containing the
number of noise spikes that were en-
countered while locating a vortex

0 center. Maximum number allowed
is 5.

Table 3-2
(continued)
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a search using the same techniques is used to locate a second vortex center.
However, when descriptive parameters are set they will have an index of 2
and there is no velocity check against the last vortex center found. When
either the second vortex center has been located or it has been determined
that a second vortex center cannot be defined, subroutine DISPLA is called to
output the data.

External References
DISPLA, GETVEL, and SUBBIT.

3.13 Display Qutput Data

Name

DISPLA
Calling Sequence

‘'CALL DISPLA
Description of Function

‘Subroutine DISPLA (Figure 3-25) transforms. vortex locations from
LDV referenced coordinate systems to the center of runway coordinate system,
encodes description parameters for output, sets the display controller buffers
with the desired output format, and calls the display controller to output data.
For a detailed description of output choices and output see Section 6 of this
manual, ,
External References

DISPIO.

3.14 Terminate Program

Name
TERM:
Calling Sequence
CALL TERM (N)

Where: N is a dummy-argument,
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Description of Function

Subroutine TERM (Figure 3-26) prepares the data tape for program
termination and returns control to the DOS Monitor. When the program is
operating in real time and recording data on magnetic tape, TERM writes two
consecutive end of files at the end of data, The routine then rewinds the’
tape for both real time and post-analysis and returns control to the DOS
Monitor.

External References
SFUN, WAIT, CLOSE, and DISPIO.

3.15 Scatter Plot Generation

SCAT
Calling Sequence

CALL SCAT
Description | of Function

Subroutine SCAT (Figure 3-27) plots the raw data points and the
vortex centers in an X-Y coordinate system for each data frame in a flyby.
The character which represents each point is determined by the magnitude of
the velocity for that point. The points possessing the ten highest velocities
are represented by the corresponding first ten letters of the alphabet. Sub-
sequent points are represented according to the following table:

SYMBOL .VELOCITY IN FT, /SEC,

20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
100-110
110-120

e ~0NU N~ O

. -
External References

CENTRD, DISPIO, GETVEL, DECD, SETAD, VREAD, DBUG,
and OFPEN.
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4, DISPLAY CONTROLLER

The Display GController coordinates all communication between the operator
at the display terminal and the application program (Vortex) executing in the PDP-11
computer. In particular, the Display Controller performs the following functions:

1. processes data tablet inputs from the operator,
2. processes keyboard inputs from the operator,
3. processes information outputs from the application

program {Vortex),

4. processes display control information from the Display
Library, and

5. performs all input and output to the terminal.

7 Basically, the Display Controller is organized as two processors to
perform the primary functions listed above. The two processors are:

o) User Input Processor (1 and 2)

o) Application Program Request Processor (3)
In addition, there are routines that are essential for the proper execution of these
processors but are not a part of either one. They perform all accessing of the

Display Library information and the input/output processing. They will be referred
to in this section as:

o Common Utility routines (4)
o Input/Qutput Interrupt Processing (5)

Figure 4-1 illustrates the structure of the Display Controller and how
its processors interface with external devices and the application program.

Descriptions and flowcharts of the Display Controller, as categorized
above, follow.

4.1 User Input Processor

The User Input Processor (whose tomponent block diagram is depicted in
Figure 4-2) processes both data tablet inputs and keyboard inputs from the operator
at the display terminal. In response to data tablet inputs, it outputs a graphic
cursgor that tracks the position of the data tablet cursor on the tablet; This pro-
cessor also passes information to the application program regarding points selected
by the operator through depression of the data tablet cursor.
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Processing keyboard inpuats involves both echoing the keyed-in data back
to the operator at the terminal and passing the data to the application program for

further processing.

Various application program requests are referenced in this section, The
processing of these requests is discussed in Section 4.2,

User Input Executive

The User Input Executive (DC (Figures 4-3 through 4-5)) initiates processing.
This routine performs initialization of the DOS disk driver, data tablet input, and certain
hardware addresses needed by the controller. It calls ATVWS and ONCE to perform
various initialization functions for the application program. DC then brings up the
first display on the screen and initiates the input search loop (LOOP1) which continues
to process for the duration of execution.

When execution has been terminated, DC then releases the DOS disk driver,
terminates data tablet input, and resets those hardware addresses previously
initialized by it.

Process User Input

. The Process User Input routine (LOOP1 (Figure 4-6)) repeatedly checks
for user input from the data tablet and the keyboard which if present has been
extracted from the hardware input register and stored in a table for this routine
by the Input Interrupt Processor. LOOPI! searches this table for three specific
types of input:

o Data tablet SUB corﬁma.nd coordinates (data tablet cursor
is in proximity of data tablet)

o | Keyboard character

o Data tablet GS command (point/option selected via data tablet
cursor by operator) j

If input is present, it is processed by the appropriate routine. LOOFPZ20 is then
executed to refresh the screen(s). LOOPI! then determines if the application pro-
gram has requested termination through the Reset Request to the controller,

As long as termination has not been requested, LOOP1 repeats its search for
input.

Process SUB Command

Process SUB Command routine (LOCP50 (Figure 4-7)) processes the
SUB command input received from the data tablet whenever the data tablet cursor
is in proximity of the tablet. This processing consists of using the coordinates
that are transmitted with the SUB command to activate and build an output string
that displays the graphic cursor on the screen to indicate the current position of
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the data tablet cursor., The graphic cursor consists of a horizontal bar and a
vertical har intersecting at the point being tracked.

As the coordinates are being converted to the output string format, any
part of the generated cursor that exceeds the range of the data tablet (and there-
fore the display screen) is clipped to prevent wraparound vectors from appgaring
on the screen. Also, if the data tablet position being tracked is outside the viewing
area of the screen but still in range of the tablet (i.e., in the menu area), the
graphic cursor output string is deactlvated to eliminate unnecessary output to
the display.

The graphic cursor is sent only to the pri.ma;? screen, The primary .

screen is that screen so designated by the application program through an Auxiliary
Screen request, The default is screen 1 (the screen with the keyboard).

Process Keyboard Input

The Process Keyboard Input (LOOP75 (Figures 4-8 through 4- 11)) processes
all input keyed-in by the operator at the display terminal.

Key-in field data is that data which is input in response to a key-in field
designated by """ characters in the text of the display. The positioning of the alpha-
numeric cursor always indicates the next available field position for such input.

There are two characters that have special meaning as keyboard input.
These characters are the carriage return and the rubout.

The carriage return character indicates end of input and causes the
data already keyed-in to be transmitted to the application program's designated
program. This routine must have access to the key page of the Display Library
for the display currently on the screen. If this 'page' is not currently in core,
the LIBINP routine reads it from disk where the library resides.

If there is no keyboard input prior to the carriage return, the alphanumeric
cursor is positioned at the next/first key-in field via the information in the key page.
1f there is prior data, it is passed to the application program 5 next program
{specified in the key page) via ROOTEX for proces sing.

The input data is set up along with other control information in the format
shown in Figure 4-12, Each parameter is described below:

Terminal ID: Identifies the user terminal through which the input was transmitted.
This value is significant only for multi-terminal systems.

Next Program: Contains the 4-character name of the program to be executed
within the application program to process the operator input.

Current Display: Contains the 4-digit decimal number of the display that is
currently being presented to the operator.
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OPERATOR INPUT INTERFACE PARAMETER LIST

Word 1 : . _-Terminal ID
Word 2 | ' Nelxt.Program
Word 3 Next Program
Wofd 4 ; Current Display
Word 5 Option Number
Word 6 Data Length
Word 7 Data Type
Word 8, etc.. | Data Buffer
Figure 4-12
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Option Number: Contains the number of the compose field or option selection
within the input display associated with this transmission.

Data Length: Contains the number of characters (bytes) of data being sent
to the application program. :

Data Type: Designates which type of input is beinig transmitted to the..
application program.

0 - data tablet option selection

1 - keyboard coméose field

2 - data tablet ima-ge de‘sign point

3 . keyboard image &esign character |

Data Buffer: Contains the input characfers (bytes) being transmitted to the
application program. '

If the key page indicates a next display is associated with the key-in field,
NXTDSP routine is executed to bring ap the display and then the next program
(also indicated in the key page) is called to process the data. If a next display
is not specified, the next program is called and the alphanurneric cursor is
positioned at the next/first key-in field of the current display.

The rubout character indicates that the character keyed-in previously
is to be ignored. If there is no previous data, the rubout is ignored. If there-
is data, the last character is deleted as input and the alphanumeric cursor is reposi-
tioned at the previous character position. '

If the keyboard input character is neither the carriage return nor the
rubout, it is saved as valid input providing the input field is not already full.
The key-in field is limited to the size specified in the key page. The keyboard
input character is then echoed on the screen. The character keyed-in to a key-
in field is displayed in permanent store mode over the ' ' character in the display
and the alphanumeric cursor is positioned at the next ' ',

Process GS Command

The Process GS Command routine (LOOP58 (Figure 4-13)) processes
the GS command input received from the data tablet whenever a point is selected
with the data tablet cursor. The graphic cursor is deactivated and the library
pen page is read into core.

The point selected must correspond to a pen option in the pen pége for the
input to be valid. The pen page is searched until the pen option matching the selected

point coordinates is found. If a next program is specified for the selected pen option,
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the parameter list is set up (Figure 4-12). If a next display is also specified, it is
brought up on the screen by the NXTDSP routine and the next program is executed
through the INVPGM routine. If a next program is not specified but a next display
iz, it is brought up by NXTDSP.

Refresh Screen

The Refresh Screen routine (LOOP20 (Figure 4-14)) initiates all refresh
mode output to the screen. This includes:

o graphic cursor in response to SUB command from the data
tablet,
o refresh message in response to Refresh Message application

program request, and
o keyboard input echo in response to keyboard command input.

4,2 Application Program Regquest Processor

The Application Program Request Processor (whose block diagram is
depicted in Figure 4-15) processes all display I/O requests from the application
program. There are 11 types of requests that are handled by this processor.
They are: ‘

o . tabular output

o new display

o one-line message
o character plot

o vector plot

o erase screen(s)
o refresh message
o hard copy screen(s)
o auxilia,l;y gcreen
o reset options

o high-speed output

The application program communicates its request to the Display Controller
through a standard parameter list as shown in Figure 4-16 with associated buffer
formats shown in Figure 4-17.

-98-



REFRESH SCREEN

LOOP20

4.30
ALPCRS
Reposition
alphanameric
cur sor
4-31
DSPOUT
1Send graphic
cursaor
y 430 4-31
ALPCRS DSPOUT
Reposition Send
alphanuomeric keyhoard
cursor input echo

RETURN

4-31

DSPOUT
Send
refresh
message

Figure 4-14

-99.a



=001~

APPLICATION PROGRAM REQUEST PROCESSOR COMPONENTS

DISPLIO
Display
input/output
executive
e —
. 5L4-19 £-20 f 4.21 4.22 4-23
[ TABOUT NEWDSP ONELIN PLCHAR PLVECT
Tabular New . One line Character Vector
output display message plot plot
, 4.25 , 4-26 4.27 y 4.28 4.29
REFMSG HARDCP DCCNTL RESET HSOUTE
Refresh Hard copy Control Reset High-speed
message screen{s) screen options output

Figure 4-15




APPLICATION PROGRAM REDUEST TO DISPLAY CONTROLLER PARAMETER FORMATS

Request : Parameters
Code Function 1 2 . 3
i Tabular Qutput Al © Aldata length) @ Atbuffer format A) @
2 New Display _A(2) Al(display name) A{overlay option) @
3 One-Line Message Al3) A(data length) A(buffer format A)
4 Character Plot ' A4) Af{data length) A(buffer format B}
5 Vector Plot | A(5BY A(data length) Albuffer format C)
7 Erase - A7) A(screen #)
9 Refresh Message A(9) A(data length) A{buffer format B)
10 Hard Copy A(1Q) A{screén #)
11 \ Auxiliary Screen Al A(screen #)
13 Reset Afl3) Aloption #) Q
14 High-Speed Cutput A(l4) A(data length} ® A{buffer format A)
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@ A() indicates address of parenthesized element.
@ See Figure 4-17 for formats,
(® Parameter 2 )

1 = refresh message

16 = terminate to DOS

32 = temporarily return to DOS
64 = return to Display Controller

(@) All data lengths are byte lengths,

(B) Parameter zeroed when output complete; must be
set before each call,

® 0 = new display replaces current display,
-1 = new display overlays current display,
next display = parameter 3 new display overlays parameter 2
new display which overlays current display.

Figure 4-16




PARAMETER BUFFER FORMATS

Format A
Char 2 Char
Char 4 Char
Char 6 Char

- T

Format B

Screen #

Character Size

Initial X

Initial Y

@e |0

# Characters

A (Characters)

®

Screen #

Character Size

Initial X

Initial Y

# Characters

A {Characters)

?

;

/—\

Plot 1

Plot 2

Figure 4-
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® Character = ASCII Character

@ Screen # = 1 screen 1
2 screen 2
3 both screens

() Character Size = -1 for refresh

vector plot message; otherwise not
used.

@ x
B Y

Plot Type = -1 solid

0-1023

0-800

(@ disconnects within a plot represented
by -1.

a plot buffer (series of %, y points
and disconnects) for refresh vector

plot message,
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Each parameter is set up as the address of the value being passed as
the parameter. For all request types the first parameter is the address of the
request code number. The second and third parameters vary according to
request type.

All requests from the application program for output to the display are
directed to the primary screen unless a screen number is specifiable through
the parameter list. The primary screen is that screen to which the displays
are being directed by the controller. The default is screen 1 (the screen with
the keyboard), but is changeable through the application program Auxiliary
Screen Request. Additionally, all characters output will be the standard hard-
ware size even where specifiable through the parameter list.

Display Input/OQutput Executive

The Display Input/Output Executive (DISPIO (Figure 4-18)) is called
directly by the application program to execute 1 of the 11 requests listed above.
DISPIO determines which type of request is being made and calls the appropriate
routine to process it. When the request processing is complete, DISPIO
returns to the application program that called it.

Tébular Output - Request Code 1

The Tabular Qutput routine (TABOUT (Figure 4-19)) processes requests
for the output of data to the screen to areas predefined in the Display Library fill
page for the display currently on the screen. ' '

The location of the fill page for the current display within the Display
Library is calculated from the Display Library index and the appropriate block
is read into core from the Display Library by the LIBINP routine. Using the
information in the fill page, the first fill field is set up in an output string with
the data passed from the application program and sent to the display by the
DSPOUT routine. This process is repeated until (1) all the data from the appli-
cation program has been sent to the display or (2) all the fill fields specified in
the fill page have been used. The alphanumeric cursor is then repositioned by
the ALPCRS routine to the location it occupied before the tabular output was sent.

New Display - Request Code 2

The New Display routine (NEWDSP (Figure 4-20)) determines if the new
display is .to overlay the current display or replace it. If it is to overlay, it
then determines if a third display is to overlay the second. It then brings up the
appropriate displays accordingly by calling the NXTDSP routine.

One-Line Message - Request Code 3

The One-Line Message routine (ONELIN (Figure 4-21)) processes the
application program request for output of a message to the left side of the bottom
line of the display screen. This message is output in permanent storing mode.
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DISPLAY INPUT/OUTPUT EXECUTIVE

e

\ DISPIO _

Request
code
.o 4-19
TABOUT
=1 Tabular
output
4-20
=2 NEWDSP
New display
4-21
~ ONELIN
=3 One line 2n
message
4.22
PLCHAR
=4 Character
plot
4-27
-5 FPLVECT
Vector
plot
424
) ERASE
=7 Erase
screen(s)
4-25
REFMSG
=9 Refresh
message
4-26
T MMARDCE. 1}
=10 Hard copy
screen(s)
4-27 '
rOCCNTL
=11 =4 Control
screen
4.28.
=13 RESET
- Reset
'bptions
4_29 -
14 HSOUTP f_!
= High-speed RETURN
output
Figure 4-18
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TABULAR OQUTPUT
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DSpPOUT
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" More
tabular
gutput

Y

‘Figure 4-19
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primary
screen RETURN
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NEW DISPLAY

NEWDSP
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mode (over-
lay/now)

4-34
NXTDSP
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( RETURN )

Figure 4-20

ONE LINE MESSAGE
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line message
output string

4.3

DSPOUT

Send one
line message

4-30

ALPCRS

Restore J
alphanumeri

cursor

i

( RETURN )

Figure 4-21



Therefore, if there already was a one-line message on the screen, a fresh copy
of the current display is brought up before the newly requested message is output.
The DSPOUT routine is called to perform the output. The alphanumeric cursor
is then repositioned by the ALPCRS routine to the position it occupied before the
one-line message was output.

Character Plot - Request Code 4

The Character Plot routine (PLCHAR (Figure 4-22)) processes the
application program request for a series of alphanumeric characters to be output
to any specified positions on the screen in permanent storing mode.

Each series of characters: specified by the application program is set
up in an output string preceded by the x-y position on the screen. The DSPOUT
routine is called to output the string to the terminal and the ALPCRS routine
repositions the alphanumeric cursor to its position prior to output of the cha.rac-

ter plot(s).

Vector Plot - Request Code 5

The Vector Plot routine (PLVECT (Figure 4-23)) processes the applica-
tion program request for a series of vectors to be drawn to any specified positions
on the screen in permanent storing mode. The output string is set up as a series
of x-y points. If a disconnect is indicated by the application program, a new
output istring is set up to begin another series of vettors. When the entire output
string is set up, the DSPOUT routine is called to send the output to the screen.

Erase Screens - Request Code 7

The Erase Screens routine (ERASE (Figure 4-24)) processes the applica-
tion program request to erase either or both screens. The eraseé command string
is set up for the requested screen(s) and DSPOUT routine is called to output the
command string.

Refresh Message - Request Code 9

The Refresh Message routine (REFMSG (Figure 4-25)) processes the
application program request for a series of alphanumeric messages or vector
plots to be output to any specified positions on the screen in non-storing ar
write ~-through mode.

The output string is set up as a series of character plots and vettor plots
except they are specified in write-through mode. This routine is only responsible
for setting up the output string. The actual output is done by the Refresh Screen
routine (LOOPZ20 (Figure 4-14)).
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CHARACTER PLOT

‘ PLCHAR )

Set up
character
plet ouipat
string

Add plot

characters

to output
tring

character

4-31
DSPOUT
Send
character
plot(s)

d 4-30
ALPCRS
Restore
alphanumeric
cursor

i

‘ RETURN )

Figure 4-22
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VECTOR PLOT
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Set up
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ERASE SCREENS

( ERASE )

4

Select
screen(s)
to be erased

. | 4-31
DSPOUT -
Send erase

command

1

( RETURN )

Figure 4-24
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REFRESH MESSAGE

( REFMSG )
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output
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output string string
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in output
string
/
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message input
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Figure 4-25
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Hard Copy Screeéns - Request Code 10

The Hard Copy Screens routine (HARDCP (Figure 4-26)) processes the
application program request to hard copy either or both screens. The hard
copy command string is set up for the requested screen(s) and the DSPOUT
routine is called to output the command string.

Auxiliary Screen -'Regues't Code 11

The Auxiliary Screen routine (DCCNTL (Figure 4-27)) processes the
application program request to establish a specific screen to be the primary
screen (the screen to which all display information is directed).

Reset Options - Réquest-Code 13

The Reset Options routine (RESET (Figure 4-28)) processes the applica-
tion program request to reset certain conditions established for Display Controller
processing. These options are:

o Deactivate rgfresh messages

o} Terminate execution - return to DOS
o Temporarily return to DOS

o Return to Display Controller

High-Speed Output - Request Code 14

The High-Speed OQutput routine (HSOUTP (Figure 4-29)) processes the
application program request for output of preformatted data directly to the display
screen.

If a previous output request is still being processed, the currently requested
output is stacked in a Display Controller table for later output. If there is no output
in progreés, the output of this requested data is set up and begun. The first byte
of data is moved to the output register and the cutput interrupt is enabled. The
remainder of the data from the request is output on an interrupt basis by the
OUTINT routine.

4,3 Comrmon Routines

There are several routines that perform general functions required by
both the User Input Processor (Section 4. 1} and the Application Program Request
Processor (Section 4, 2). These routines are:

o Position Alpha Cursor - ALPCRS
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HARD COPY SCREENS AUXILIARY SCREENS

( HARDCP ) DCONTL

i
Select Set primary
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to be hard
copied
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Send hard RETURN
copy '
cornrnand
Y
‘ RE TURN )
Figure 4-26 Figure 4-27
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processor
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Figure 4-29
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o Send Comﬁand String to Display - DSPOUT

o Call Next Program - INVPGM

o Read Display Library - LIBINP

o Bring Up Next Display - NXTDSP

o Set Up First Key-In Field - KEYSET

Posgition Alpha Cursor

The Position Alpha Cursor routine (ALPCRS (Figure 4-30)) sends the
alphanumeric cursor to the x-y position set up in the output string by the
calling program.

Send Command String to Display

The Send Command Strlng to Display routine (DSPOUT (Figure 4-31))
processes all output requests whose output strings are formatted by the Display
Controller (i.e., all output except High-Speed Output requests from the application
program). This routine sets the cutput upas a H1gh Speed Qutput request and
calls DISPIO to process it as such.

Call Next Program

The Call Next Program routine (INVPGM (Figure 4-32)) calls the applica -
tion program to execute the next program indicated in the parameter list (Figure
4-12) set up by the routine that called INVPGM. INVPGM initiates the data tablet
to send-peint mode so that the application program processing will not be interrupted
by data tablet input. INVPGM calls the Executive (ROOTEX) which in turn executes
the next program.

When the next program has completed processing, INVPGM reestablishes
burst mode for data tablet input.

Read Display Library

The Read Display Library routine (LIBINP (Figure 4-33)) reads the
Display Library block number as set up by the routine that called LIBINP,

Bring Up Next Display

The Bring Up Next Display routine (NXTDSP (Figure 4-34)) processes
the request for a display to be presented on the screen. DSPOUT is called first
to erase the primary screen unless the next display is to overlay the current
display. If the display to be brought up is specified as PREV, the display history
table is accessed to determine the name of the previous display. If the next display
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is not the current display, the Display Library index is read by LIBINP and then
searched for the next display entry, (If the next display is the current display, its
index entry is already in core.)

Using the index, the location of the text page is determined. The text page(s)
is read by LIBINP and output to the screen by DSPOUT. If a second overlay has
been requested, this entire sequence is repeated, '

KEYSET is called to set up for the first key-in field, and position the alpha-
numeric cursor accordingly. The graphic cursor, the refresh message, and the
keyboard input echo are all deactivated.

Set Up First Key-In Field

The Set Up First Key-In Field routine (KEYSET (Figure 4-35)) processes
the setup of the first key-~in field in the current display (if one is present). The
routine first reads in the key page' for the current display from the Display Library
through LIBINP, Using the key page information, this routine sets up appropriate
counters and pointers and then positions the alphanumieric cursor at the beginning
of the first key-~in field. '

4.4 Input/Qutput Interrupt Processors

The Input/Qutput Interrupt Processors perform all I/0O to the terminal through
the input/output hardware registers. They both process on an interrupt driven basis.

Cutput Interrupt Processor

The Output Interrupt Processor (OUTINT (Figure 4-36)) moves the next/
first byte of output into the output register. {The High-Speed Output routine(HSOUTP
(Figure 4-29)) is responsible for initiating the output process and stacking waiting
requests, )

When the OUTINT routine determines that all bytes have been sent for the
current request, it sets the output string length in the output requestor's area to
zero to indicate completion. If another oufput request is waiting, it removes it
from the wait stack and moves the first byte of the output string into the output
register, thus initiating the next request.

All entries to this routine are through the output interrupt address set up
by the Initialization routine (INIT (Figure 4-4)).

Input Interrupt Processor

The Input Interrupt Processor (INFPINT (Figure 4-37)) processes all
input received through the input register and sets it up for further processing by the
User Input Processor (Section 4. 1). This input includes data tablet input and
keyboard input both received one byte at a time, -
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Data tablet input is received in a series of five bytes, a command byte
followed by four coordinate bytes. The command byte is either a SUB, GS, or US.
From data tablet input only the SUB command, its coordinates, and the GS
command are saved for further processing. All other bytes are ignored.

If the input is not part of one of the valid five byte input strings mentioned
above and determined not to be noise input, it is saved as keyboard input.

All entries to this routine are through the input interrupt address set up
by the Initialization routine (INIT (Figure 4-4)).

4,5 Disk 1/O Handling

The two routines in this area are called to perform all 1I/O to the disk.

Initialize Data Set Device

The routine (INITDS (Figure 4-38)) which performs this function issues
a DOS system macro to initialize the specified device to insure that the device
driver is in core for subsequent I/O operations.

Read/Write Data Set

- This routine (LKTRAN (Figure 4-39)) performs the basic function of
reading and writing records from and to data sets on disk. It performs error
checking prior to and foltowing the I/O function performed. This checking is
done to determine if the data set to be read or written exists, if the record number
to be read is valid, and if any error occurred on the I/QO operation. A return
parameter is set accordingly.

4.6 Executive
The Executive (ROOTEX), as shown in Figure 4-40, directs the input from
the display to the appropriate application ''next" program. After determining that

the indicated next program is a valid program, ROOTEX gives contro! to the
required routine, ' - _
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5, DISPIL.AY LIBRARIAN

To minimize the on-line core and time requirements necessary
to create each individual application program oriented display and to
provide a completely general graphics capability, all displays are pre-
formatted by an off-line Display Librarian. The librarian accepts card
images of the text and control information defining each display and
creates a ""book' of displays.

The display book resides on disk and contains a display chapter
for each display within the book. A display index is generated by the
librarian defining the location of each display chapter within the dlsplay
book. Each chapter is further sub ~divided into two ''pages' :

o Text Page
o ‘Control Page

The text page of each display chapter contains display text infor -
mation in an expanded format consisting of embedded graphic control
commands. The text page exists in a format that is ready for immedjate
generation on the display screen and requires no editing, scanning, or
unpacking in real time. The control page is made up of the pen, keyboard
and fill pages that provide the control information needed by the real
time Display Controller to respond to tablet pen and keyboard inputs
and application program fill-in requests.

During real time operation the Display Controller, upon detecting
a tablet pen selection or a keyboard input, uses the control information
associated with the display being viewed to determine the user specified
action to be taken.

The primary purpose of the Display Librarian is the creation of
the preformatted display book from user defined input. To insure that
the data can be correctly displayed and operated on during real time
operations, it is necessary for the Display Librarian to perform extensive
error checking on the user's input data prior to creating the display
chapter on disk. The librarian can therefore serve as a display assembler
and aid the user in defining his displays. During the processing of a
display, records that contain errors are listed along with messages
describing the errors. Each display must be completely free of errors
before it is added to the display book on disk.
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5.1 Display Book

The display book is a sequentially organized contiguous file on
disk consisting of the display index and a display chapter for each display
within the book. Figure 5-1 presents the process by which the display
hook is generated and the organization of the display chapters and the
display index on disk.

5.1.1 Display‘ Index

The display index is the first record of the display book and defines
the location of each display chapter within the display book file. The
display index is segmented into 256-word blocks; the format of the index
is presented in Figure 5-2, If more than one index record is necessary
to define the display chapters, i.e., there are mowre than 50 displays in
the "book, ' additional index records are placed at the end of the display
chapters. The first word of each index record contains the relative block
number of the next index record.

The relative block number of the display chapter is the relative
block number within the display book file of the first text page block. The
blocks within a display chapter are organized sequentially as text blocks
followed by control blocks. If any of the blocks are not required for a
display, the appropriate display index entry is set to zero. The display
name is an integer between 0001 and 9999 defined by the user's input
card.

The Display Controller reads the display index blocks, locates
the appropriate display chapter index by virtue of the display name, and
then uses the relative block number of the display chapter to access the
display within the display book file.

5.1.2 Display Chapters

The display chapters are divided into two '"'pages': the text page(s)
and the control page(s). The contrbl page(s) is made up of the pen, keyboard,
and fill pages. The text and control pages are segmented into 256-word
blocks.

Text Pa ge

The text page contains the information that is to be displayed to the
operator. This information consists of embedded graphic orders, character
control orders, alphanumeric information and special symbols that have
meaning to the operator and the Display Controller. The '"#' symbol defined
by the user input indicates locations where an application program may fill-in
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tabular data. The "#'" symbol is replaced by a blank within the text page
when a display is presented to eliminate the need to refresh the entire
~display picture when an application sends data to the screen. The data
is displayed in the format initially defined by the "#'" symbols. The "} "
symbol indicates keyboard input areas and is replaced by an underline

{_) character within the text page and display picture. The pen option
areas are defined to the Librarian as the area between the two enclosing
symbols "<'" and ">.'" The characters within the symbols are displayed
on the display picture and comprise one pen option area.

In addition, four character sizes are supported by the Display
Librarian and character control orders are defined within the text page
to display the different sizes. Any combination of the character sizes
may be defined for a display and the Librarian will insure the correct
‘spacing both horizontally and vertically. Although multiple character
sizes are supported by the Librarian, they are only functional when the
hardware capability exists.

Control Pages

The pen, keyboard, and fill pages are grouped together under the
general category of control pages because they supply the control information
used by the Display Controller during real time operation to process inputs
to the respective fields.

Pen Page

The pen page of the display chapter contains the control information
necessary to define the areas of the display text that may be selected with
the graphics tablet pen. The format of the pen page is depicted in Figure
5-3. Each pen entry is 7-words in length consisting of:

o the X., Y-coordinate of the first character within the
pen field,

o the AX and AY of the last character within the pen field,

o} the next display to be presented to the user when this

pen field option is selected with the tablet pen, and

o an optional 4-character application prograrh name to .
be given control when this pen field is selected.

The Display Controller determines the dimensions of the pen field
from the starting X-, Y-coordinates of the first character and the A X and
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4 Y of the last character in the field. When the tablet pen input is received
by the Display Controller, its coordinates are checked against the
dimensions of each pen field within the pen page to determine which option
was selected. When the selected option is found, the next display and

the next program associated with the pen field are displayed and executed.

Keyboard Page

The keyboard bage contains the following control information for
each compose field within the display text (see Figure 5-4):

5 . the fotal number and size of characters within the compose
field, '
o the X-, Y;coordinaté of the firét gharacter within.the field,
o . the next Aisblay namé. to be prersented tq the Op.c_gl;atc;,\r, and
o the next program name to receivéith.e corﬁpése data.‘

The Tektronix keyboard permits the user.to enter alphanumeric
characters into computer storage for transmission to the application program.
The cursor keys on the keyboard control the compose field where the data
will be placed. As each character is entered, it is displayed to the operator
in one of the character slots indicated by the underline ( ) character for
verification and editing. After entering the data, the user presses the
transmission key to pass the data to the application program associated
with the compose field.

Fill Page

All areas of the display text that are available for application program
tabular data output must be predefined to the Display Librarian by the special
symbol "#." The librarian constructs a fill page entry for each of these
areas defining their location within the display text, Each fill entry is de-
limited by either a non-# symbol or a new display line. The format of the
fill page is depicted in Figure 5-5,

5.2 Librarian Processing Flow

In creating the user's display book, the Display Librarian program
executes five levels of processing. These five levels include:

1. Control card processing
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KEYBOARD PAGE FORMAT

16-bit words

# Compose Fields in the Display
\

Character Size | # of Characters
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Next Display Name

f—— 4-Character Next —

Program Name

Figure 5-4
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- FILL PAGE FORMAT

16-bit words

| _# of Fields in the Display

Character Size # of Characters FILI.
: . FIELD
X ~Coordinate of First Character ENTRY

Y -Coordinate of First Character

Figure 5-5
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2. Pen, compose, and line card processing

3. Text card processing
4. QOutput formatting
5, Cleanup

Levels two, three, and four are executed for each display being defined
whereas level one is executed only when display contreol cards are detected
in the input stream and level five only upon receiving an end-of-fun
indication, Figures 5-6 and 5-7 present a general flow of the Display
Librarian from job initiation to job end.

The following subsections describe briefly and depict in flow-
charts the processing done by the librarian program on each of the above
mentioned levels.

5.2.1 Control Card Processing

The output option card and delete cards are processdd on this
level (Figure 5-8). If an output option card is received, the appropriate
option flags are set; if the update option ("U'} is specified, the index
of the old display book is read and maintained in core. The program then
returns to read the next input card.

If the control card read is a delete, the display name specified in
the card is compared against the display names in the index until the
display is found or all entries are checked. If the display is found, the
index entry for the display is deleted and the message DISPLAY xxxx HAS
BEEN DELETED FROM THE LIBRARY is written to the printer. If the
display name is not in the index, the message DISPLAY xxxx NOT FOUND
IN LIBRARY is written. ‘

5.2.2 Pen, Compose, and Line Card Processing

It is on this level of processing (Figure 5-9) that the librarian
program begins building the pen and key entries (Figures 5-3 and 5-4)
in the display contrsl page(s).

In processing a pen card, the names of the next display and next
program are stored in the pen page. If the X-, Y-coordinate positions
are presemt on the input record, the AX and AY are calculated and all
ate placed in the pen page completing the entry for the pen field. In
the cases where the X-, Y-coordinates are not on the pen card, the pen
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Figure 5-6
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field entries are completed during the text processing (level 3) when the
pen field characters "< and "> " are encountered in the display text.

On receiving a compose card, the librarian saves the next display
name, the next program name, and the compose field length in the key-
board page. The remaining information is supplied to the compose field
entry during the text processing.

If the input record received, is a line card, the program determines
the type of line being defined and compares the values specified against
the limits allowed. If there is no error, it enters the specified values
into either a coordinate table or a character/line table, Values entered
in the coordinate tablet are not operated on again until the fourth level
of processing when they are placed in the display text page in the form
of vector commands. The values placed in the character/line table
are converted to X-, Y-coordinate positions during text processing when
the specified character number and line number -are encountered.

5.2.3 Text Card Proces smg '

During the text card processing (Figures 5-10 and 5-11), the
librarian program performs three functions. These include verifying
that the users text data can be successfully generated on the display
screen completing the pen, key, and fill page entries and converting
the vector entries in the character/line table to X-, Y -coordinates.

In determining whether the text can be generated on the screen,
the librarian verifies that each text input record does not contain more
characters than can fit on a single display line (i.e., 74 size 1 characters,
37 size 2 characters etc.}, checks each character on the line to insure
that it is displayable and verifies that the number of text lines does not
exceed 35 (size 1). The pen field defining characters ""<'" and "> "
and the change character size specifications are not included in the text
character count.

On detecting a compose or fill-in character in the text, the Display
Librarian stores the X-, Y-~coordinates of the field in the key or fill
page along with the present character size and, for fill field, the number
of characters in the field. For compose fields the number of compose
characters contained on the input record is compared against the value
specified on the compose card to insure that there is ho error in the fieid
definition. '

When pen field characters are encountered in the text, the X-, Y-
coordinates are saved in the pen page along with the calculated & X and
A Y to the end of the field.
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While the text characters are being "verified, '' the Librarian
determines from the character/line table if a vector initiation or termina-
tion is specified for the present character/line position. If so, the
character/line specification is replaced in the table, with the actual X-,

Y - coordinates.

After each text record is read and verified, it is written to a
scratch {file on disk to be later operated upon by the output formatting
routines.

5.2.4 Output Formatting

Upon receiving a display End record, the librarian enters the
fourth level of display processing (Figure 5-12). It is on this level that
the printed picture of the display is generated; if there are no errors
in the display definition, the preformatted text pages are created and
added to the display book along with the control pages.

Each text record for the display is retrieved from the librarian
scratch file, formatted to effectively represent how the data will appear
on the screen, and printed on the user assigned output device. If there
are no errors, the display data is stored in the text page along with the
necessary control commands to display on the screen. After all the text
records have been retrieved, preformatted in the text pages, and written
to the printer, the librarian uses the X-, Y-coordinates from both the
coordinate table and character/line table and creates the display control
commands to cause the generation of the specified vectors. These commands
are stored following the user defined text data, thus completing the pre-
formatted text page.

Upon completion of the text page, the Display Librarian adds the
newly defined display to the display book on disk and updates the index
to reflect its presence.

5.2.5 Cleanup

When attempting to read the next user input record the Display
Librarian receives an end-of-job indication, this final level of processing
is executed (Figure 5-13). If a new display book was created from the
user's display data or an old book was updated without any of the old
displays being deleted or replaced, the librarian adds the display index
to the book on disk and terminates. If, however, during update of a
display book, one or more of the old displays was deleted or replaced,
the librarian at this time compresses the display chapters and the display
index to eliminate all unused areas and then terminates.
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6. PROGRAM DISPLAYS AND QUTPUT

6.1 Program Displays

The user interacts with VIDS and controls the VIDS operation by
responding to a set of displays which are placed on the screen, These displays
are;

o Mode Selection (see Figure 6-1)

o System Parameter Selection {see Figure 6-2)

o) System Parameter Selection (Post-Analysis) (see Figui'e'6-3)
o Aircraft Selection (see Figure 6-4)

o Aircraft Dependent Parameters Selection (see Figure 6-5)

o Aircra.ft Dependent Parameters Selection (Post-Analysis)

(see Figure 6-6)

6.2 Program Qutput

Depending on which options are selected from the above displays, data
will be output in one or a combination of the following methods:

o) Unprocessed data recorded on magnetic tape.

o Display of vortex information in tabular form (see Figure 6-7).

o Display of vortex positions as a function of time (see Figure 6-8),
0 Display of vortex locations in an X-Y coordinate system

(see Figure 6-9),

o Display of raw data with vortex centers marked (Scatter Plots)
{see Figure 6-10).

ol Listing of raw data.

6.2.1 Magnetic Tape Output
Data is recorded on the magnetic tape in the following format:
o One file per flyby.

o] One or more fixed length records per frame (1 record for
each 1000 data points or portion of 1000) of LDV data,
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Data from each LDV system is contained in separate records.

There is no fixed order of records corresponding to a given
LDV system. '

Each record contains 4009 integer words defined as follows:

- IFLY - flyby number,

- IFRM - frame number, A positive value indicates
that the data was received from VAN l. A negative
value indicates that the data was received from VAN 2,

- ITMINT (2) - two words containing the time that the
first data point was received for this frame,

- ITMEND (2) - two words containing the time that the
last data point was received for this frame,

- IDAY - number of the day of the year.
- IPLN - index for plane type.
- NUMPTS - number of data points in a frame.

- IX - 1000 word array containing the X-coordinates for
the data points in counts.

- IY - 1000 word array containing the Y-coordinates for
the data points in counts. ' '

- INTENS - 1000 word array containing intensity and
filter information for the data points in counts. Bits
0 through 6 contain the number of filters and bits 7
through 14 contain the intensity of the point.

- IVEL - 1000 word array containing velocity informa-
tion for the data points in counts. Bits 0 through 6 contain
the maximum velocity. Bits 8 through 14 contain the
peak velocity.

6.2.2 Time-Based Plots

Time-based plots (see Figure 6-8) are generated according to the
following format:

o]

o]

The screen is divided into four quadriles.

VAN 1 data is displayed in the top quadriles,
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Q.

o]

VAN 2 data is displayed in the bottom quadriles.

ﬁeight of the vortex centroid as a function.of time is
displayed in the left quadriles.

Horizontal location of the vortex centroid as a function
of time is displayed in the right quadriles.

The maximurﬁ time that may be displayed is 90 seconds.

An "' is used to represent the port VOI‘téX-

An "o'" is used to represent the starboard vortex.

An "s'" is used to represent a single vortex.

6.2.3 X-Y Plots

farmat:

X-Y piots (see Figure 6-9) are generated according to the following

VAN 1 data ig displayed on the top half of the screen.
VAN 2 data is displayed on the bottom half of the screen.

The vortex centroid is located in an X-Y coordinate system
with frame 1 data represented by an A, frame 2 data by a

B, etc,, for the first 26 frames. After 26 frames the cycle
is repeated,

6.2.4 Tabular Data

format:

Tabular dé,ta. {see Figure 6-7) is displayed acéording to the following

VAN 1 data is displayed on the left half of the screen,
VAN 2 data is displayed on the right half of the screen,

A frame of data is entered as a blank line if there are 0
data points or more than 1000 data points.

The headings of the columns are:

o]

O

FR - 2-digit frame number, If the frame number is greater
than 99, only the right 2 digits of the number are displayed,

DATA PTS ~ number of points contained in this frame of data.
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o COR PT - number of data points in the correlation area for
a vortex. P represents port and S represents starboard,

o NOISE - the number of noise spikes which were found in pro-
cessing the vortex information, P represents the number
found while processing the port vortex and S represents the
number found while processing the starboard vortex.

ANGLE - MN represents the minimum angle at which a data
point was found during the scan, - MX represgents the maxi-
mum angle at which a data point was found during the scan.

(=]

o PK VEL - P represents the peak velocity found in the po'rt
vortex. S represents the peak velocity found in the staboard
vortex,

o TIME - represents the time at whichthe vortex centroid was

found with respect to the time that the first data point was
received from this flyhy.

o PORT POS - gives the X and Y centreoid values for the port
vortex., ' ‘
o STARB POS - gives the X and Y centroid values for the

starboard vortex.
6.2.5 Scatter Pldts

Scatter plots (see Figure 6-10) display raw data points showing their
location in an X-Y coordinate system and their velocities within ten ft. /sec.
and also show the vortex centroid. The points are represented by numerals
0-9 with the following velocity correspondence: : |

-0 20-30 ft, /sec.
-1 30-40 ft. /sec,
-2 40-50 ft. /sec.
-3 50-60 ft, /sec,
-4 60-70 ft. /sec,
-5 70-80 ft. /sec.
-6 80-90 ft. /sec.
-7 90-100 ft; /sec.
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-8 100-110 ft, /sec.

-9 110-120 ft, /sec.

The points having the ten highest values are represented by
the corresponding first ten letters of the alphabet and their
values are printed on the bottom of the display.

The centroids are represented by two large V's.
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12 "GLOBL  BUFSAT, BUFST, FRAMES, SFLABA
13 I GLOBL INTAE, INTAR
14 ‘ : GLOBL  HEADR
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